Two field experiments were carried out during two successive winter seasons 2014/2015 where wheat plants (Triticum aestivum L., CV. Giza 168) was cultivated in sandy soil under sprinkler irrigation system at Ismaillia Agric. Res. Station, ARC. Combined thoroughly mixed biochar , sulfur and organic materials (compost) as soil conditioner along with different rates of nitrogen and phosphorus comprising 18 treatments were applied in a split split design. Chemical properties of sandy soil as well as its nutrients availability, nutritional status, Apparent Nutrients Recovery Efficiency (ANRE) and wheat yield productivity were evaluated. Biochar was added with three rates 1, 2 and 4 ton fed -1 . Nitrogen was applied with three rates 50%,75% and 100%, where phosphorus rates were 75% and 100% of the recommended dose for wheat. Soil pH was slightly decreased by increasing the rate of biochar application ,while the values of EC, O.M, CEC and availability of N, P and K nutrients increased significantly by increasing the rate of biochar amendment . The application of high rates of biochar along with high rates of both N and P significantly increased the availability of N, P and K as compared to control (without biochar) and other treatments. Similar results were obtained for both tested seasons. All applied treatments increased significantly the total contents of macronutrient over control. Moreover, biochar application combined with N and P rates has a positive effect on plant growth and crop yields. The yield components increased gradually by increasing the rate of N and P application in presence of biochar as compared to control (without biochar), especially in case of the second rate of biochar (2 ton fed -1 ) along with the high rate of N and P (100%) from the recommended dose. Application of second rate of biochar (2 ton fed -1 ) in presence of high rate of N and P ( N3 combined with P2) significantly increased wheat straw and grains. This increase was higher than that existing in case of applying the high rate of biochar (4 ton fed -1 ) . On the other hand, the lowest straw and grains yield was recorded in case of the control treatment (without biochar), similar results were recorded for both tested seasons. Moreover, the calculation of Apparent Nutrients Recovery Efficiency values by wheat crop increased due to the presence of biochar as a soil conditioner as compared to control (without biochar) especially in presence of the second rate of biochar ( 2 ton fed -1 ).Finally, the obtained results indicate that blending biochar with organic materials (compost) along with sulfur in sandy soils prevents the loss of nutrients, improves the soil chemical properties , holds nutrients against leaching , increases the availability of nutrient to plants, increases nutrient use efficiency, maintains the surface sorption and increases the wheat yield productivity.
INTRODUCTION
Biochar is the carbon-rich product obtained by heating organic materials in a closed system under conditions of limited or no oxygen. Biochar analyzed using solid-state nuclear magnetic resonance (NMR) analysis was shown to be composed of a highly heterogeneous mixture of organic structures. The structural form of C in biochar depends on the biogeochemistry of the biomass feedstock and the conditions under which it was pyrolyzed. Biochars composed primarily of condensed aromatic C are known to persist in soil environments, whereas biochars with higher levels of single ring aromatic and aliphatic C will mineralize more rapidly (Lehmann, 2007 and Novotny et al., 2007) . Surface area and surface charge density of biochar will have a large influence on soil CEC and the ability of biochar additions to ameliorate soil fertility problems. We hypothesize that biochar additions to the sandy soil, would increase the soil organic carbon content and CEC and improve the fertility status. Because of these properties, biochar is both more recalcitrant in soils and contributes a higher capacity to sorb cations per unit mass than does biogenic soil organic matter (Liang et al., 2006) . Biochar contains large amounts of charred materials most likely added by farmers who practiced a form of slash and char agriculture (Sombroek et al., 2003) . The biochar acts as a soil conditioner, improving soil physical properties and nutrient use efficiency, thereby increasing plant growth.
Moreover, biochar acts as a stable C compound being degraded slowly. The most important measures of biochar quality appear to be high adsorption and it has synergistic benefits effects. Biochar can increase microbial activity and reduce nutrient losses during composting (Dias et al. 2010 ). In the process, the biochar becomes "charged" with nutrients, covered with microbes and pH-balanced. Also, burned residues cleared the agricultural field and add nutrients to soil resulting in increased nutrient availability during the first cropping seasons (Sanchez et al., 1983) . Moreover, at high temperature, biochar usually become more alkaline as compared to the lower temperature (Mukherjee et al., 2011) . This alkalinity is provided by presence of organic and inorganic ions in biochar. The anions (chlorides, sulphates, carbonates and bicarbonates) presence in the soils also enhanced the soil salinity level (Tavakkoli et al., 2011) . Among cations, Ca +2 ions are rich part of biochar (Yuan and Xu, 2011) . Plants which are cultivated in the BC amended soils response better in growth through modifications in soil CEC and nutrients retention (Peng et al., 2011) . Glaser et al., ( 2002) found that a direct nutrient additions via ash or organic fertilizer amendments, nutrient retention and nutrient availability were reported being enhanced after biochar application.
Biochar has been reported to boost soil fertility and improve soil quality by added a sequester ring carbon to the soil, increasing moisture holding capacity, improving cation exchange capacity (CEC) and retaining nutrients in soil (Lehmann, 2007) . Another major benefit associated with the use of biochar as a soil amendment is its ability to sequester carbon from the atmosphere-biosphere pool and transfer it to soil (Laird, 2009) .
Sorption capacity is a key indicator of uptake ability. So, biochar usually has greater sorption ability than natural soil organic matter due to its greater surface area, negative surface charge and charge density (Liang et al., 2006) . Biochar can not only efficiently remove many cationic chemicals ions, but also sorb anionic nutrients such as phosphate ions (Lehmann, 2007) . Thus, the addition of biochar to soil offers a potential environmental benefit by preventing the loss of nutrients and thereby protecting water resources. Studies showed that biochar addition increased crop yields and improved soil quality (Chan et al., 2007) . Also, the use of biochar as a soil amendment could reduce chemical fertilizer use due to a reduced percolation of water and nutrients. Biochars would be able to hold nutrients and increase its availability to plant if they are applied in agricultural fields (Zhang et al., 2010) Lehmann et al., (2003 a) found that char can increase the nutrient use efficiency by plants of applied N and P this could be explained by char has a surface sorption nutrients maintaining them in the root zone and maintaining leaching, especially in sandy soil because of its low fertility, low retention capacity of nutrient and rapidly leached of mineral fertilizers. Also, char is influencing the physical and/or chemical structure of the tested soil. Synergisms recorded as a combination of organic fertilizers (compost, manure) or inorganic fertilizers and biochar for sustainable soil amelioration and fertilization (Schulz and Glaser, 2012) .
The objectives of the present study is to investigate the effect of combined application of biochar, sulfur and organic materials as a soil conditioners along with nitrogen and phosphorus rates on chemical properties of sandy soil as well as its nutrients availability, nutritional status , apparent nutrient recovery and wheat yield productivity.
MATERIALS AND METHODS
A field experiment was carried out on wheat plants (Triticum aestivum L., CV. Giza 168) cultivated in sandy soil under sprinkler irrigation system at Ismaillia Agric. Res. Station, ARC, located at 30° 35´41.9" N Latitude and 32° 16´ 45.8" E longitude during two successive winter seasons 2014/2015. The impact of applying combined application of biochar, sulfur and organic materials as soil conditioners along with different rates of nitrogen and phosphorus on chemical properties of sandy soil as well as its nutrients availability, nutritional status, apparent nutrient recovery and wheat yield productivity is considered. The experiment was designed in a split-split plot design with three replications, the main plot for biochar, the sub plot for phosphorus fertilizers rates and the sub sub plot for nitrogen fertilizers rates.
Some physical and chemical properties of the tested soil sample are shown in Table ( 1), while biochar and compost composition are presented in Table ( 2). ) was prepared by blending biochar, thoroughly, with compost and sulfur at rates of 6 ton fed -1 and 125 kg fed -1 , respectively along with phosphorus treatments. The mixture was broadcasted and mixed with the soil surface two weeks before sowing.
All experimental treatments received 50 kg fed.
-1 of potassium sulfate (48 % K 2 O) as a recommended potassium dose. Nitrogen was added at rates of 50, 75 and 100 % from the recommended nitrogen dose (N1, N2, N3) as ammonium sulphate (20.5 % N); while phosphorus as superphosphate (15.5 % P 2 O 5 ) was added at rates of 75 and 100 % from the recommended phosphorus dose (P1, P2) as a mixture with biochar two weeks before sowing, at both tested seasons. Ammonium sulfate was added in four split equal doses after 2, 4, 6 and 8 weeks from sowing. While potassium was divided into two equal doses, after two weeks and five weeks from sowing. Plants were harvested at maturity and the yield components (straw and grains) were recorded and subjected to oven drying at 70° C, up to a constant dry weight, ground and prepared for digestion using a mixture of H 2 SO 4 and H 2 O 2 as described by Page et al., (1982) . The digests were then subjected to the evaluation of plant nutrients (N, P and K contents) according to procedures described by Cottenie et al. (1982) . Furthermore, three soil samples were taken from each treatment after wheat harvesting for chemical analysis to evaluate the values of soil pH, EC and availability of nutrients (N, P and K) which are determined according to Page et al., (1982) . Results were subjected to statistical analysis according to Snedecor and Cochran (1982) ; the treatments were compared using the least significant difference (L.S.D) at 0.05 level of probability.
Apparent Nutrients Recovery Efficiency (ANRE) was calculated according to Quanbao et al., (2007) . ANRE = (Uptake in fertilized plot, kg fed -1 -Uptake in control plot, kg fed -1 ) / quantity of fertilizer nutrient applied (kg fed -1 )*100
RESULTS AND DISCUSSION
1-Effect of biochar amendment on the soil chemical characteristics and soil nutrients availability after wheat harvesting. a. Soil reaction (pH), electrical conductivity (EC), organic matter (O.M) and cation exchange capacity (CEC). Data presented in Table ( 3) show the changes of soil chemical properties in response to application of biochar rates along with different rates of nitrogen and phosphorus fertilization. Regarding soil pH, the statistical interaction analysis showed that, the values of pH slightly decreased by increasing the rate of biochar as compared to control treatment (without biochar), the same trend was observed for both tested seasons. This may be due to the presence of compost and sulfur combined with char which governs the soil pH values ( Nigussie and Kissi, 2011) according to the production of organic acids formed as a result of compost decomposition. Moreover, increasing P rates caused a significant decrease in the soil pH values, while the changes did not show any obvious trend at both tested seasons due to different rates of Nitrogen application.
With regard to electrical conductivity (EC) the obtained results showed that the application of biochar rates caused a significant increase in EC as compared to control treatment. Moreover, the values of EC increased gradually by increasing the rate of biochar amendment, this may be due to presence of ash which is rich in basic cations during the production of char; also because of the positively and significant relationship between EC and exchangeable bases ( Nigussie and Kissi, 2011) , the same trend was observed for both tested seasons. Moreover, a significant increase in EC was recorded due to the increase the of nitrogen and phosphorus application rates along with biochar.
Concerning the organic matter content in soil after harvesting wheat crop at both tested seasons, data presented in Fig. (1) show that a significant increase in O.M values exist due to application of biochar compared to control treatment (without biochar) .This may be due to the high organic carbon content of biochar , similar results were obtained by Schahczenski (2010) . Moreover, this explanation was confirmed by Uzoma et al. (2012) who reported that biochar provided a significant portion of carbon returned to soil for enhancing future soil fertility and health. Generally, increasing the rate of biochar caused a significant increase in organic carbon values.
With respect to the changes in cation exchange capacity (CEC) due to applied biochar along with different rates of N and P, data presented in Fig. (1) show a significant positive effect of applied different rates of biochar on CEC as compared to the control treatment. Biochar has a high concentration of acidic and basic functional groups which results in high CEC (Major, 2010) . Also, these explanations were confirmed by Lehmann (2010) who reported that biochar has a large specific surface area of organic matter and negatively charged functional groups which increased the exchange points of soil colloid, thus increasing the CEC values, but, a slightly changes in CEC values was observed at both tested seasons due to different rates of application of N and P along with biochar . rates on availability of some macronutrients in soil after wheat harvesting for both tested seasons. Data in Table ( 3) showed that the application of biochar increases significantly the availability of N, P and K soil content as compared to control treatment (without biochar); this trend was true for both tested seasons.
Generally, increasing the application of biochar to soil up to second rate caused a significant increase in nutrient availability, through increasing the adsorption sites and nutrient availability also to the impact of adding the compost to the char which enhanced the nutrient availability. Similar results were obtained by Major (2009) who found that blending biochar with organic materials (compost) enhance its nutrients values as a soil amendment; furthermore, biochar retain nutrients against leaching. Moreover, burned residues added nutrients to soil which results in increasing nutrient availability (Sanchez et al., 1983) .
Furthermore, biochar has low nutrients content but acts more as a soil conditioner by making nutrients more available to plants and improving soil structure. Moreover, pore structure of biochar likely provides a habitat for soil microorganisms, which in turn may aid in making nutrients available to crops, ( Schahczenski, 2010 ) . Also, the availability of N, P and K increased significantly, as expected, by increasing the rates of N and P fertilizers in presence of biochar.
Again, the application of second rate of biochar (2 ton fed -1 ) along with high rates of both N and P (100 % ) from the recommended dose was significantly superior in increasing the availability of N,P and K as compared to control (without biochar) and other treatments, similar results were obtained for both tested seasons. This may be due to minimizing the leaching of N and K due to the presence of biochar which has a negative charge; beside an electrostatic attraction process. The strong sorption of N as NH 4 by biochar is expected to retain and makes ammonium available to plants, these explanation was confirmed by . Biochar can act also as a slow release fertilizer and / or as a catalyst to estimate microbial growth. 2. Effect of applying biochar amendment along with N and P rates on total contents of macronutrients in wheat straw and grains. Data in Table ( 4) and Fig.(2) show that all applied treatments increased significantly the wheat total contents of macronutrient over control; this may be due to application of biochar along with N and P rates. The second rate of biochar in presence of high rates of N and P were significantly superior in increasing either straw or grains for both tested seasons. The corresponding increase as compared to control for N, P and K plant content were 98.2,62.4 and 91.1 % for straw as well as 71.4 , 65.1 and 61.5% for grains in the first season where it reached 85.2 , 26.3 and 115.8% for straw as well as 66.7 , 50.5 and 96.6% for grains as compared to control, in the second season. Such results are confirmed by those of Adriano et al., (2005) who found that increasing the addition of char can certainly have a positive influence on N and P nutrient uptake by increasing the sorption capacity. Moreover, the obtained results were confirmed by Warnock et al.,(2007) who found that biochar serves as a catalyst that enhances plant uptake of nutrient and water compared to other soil amendments due to its high surface area and porosity which enable it to adsorb or retain nutrients and water and increasing plant uptake of nutrients . On the other hand, application of the high rate of biochar caused a significant decrease in the total contents, of N, P and K for straw and grains, this may be due to the high C/N ratio of the biochar used in this investigation, where its addition to soil did not provide sufficient additional of N to plants and therefore did not result in increasing the total contents of N . This causes imbalance in the uptake of P and K even at rate of 2 ton fed -1 , this response agree with Chan et al.(2007) . In other words, under high rate of biochar, nitrogen was likely immobilized as evident from the low N concentrations and reducing N uptake. Moreover, the most inferior treatments for total contents of both yield components were recorded for control treatment without biochar. 
3-Effect of biochar amendment on Apparent Nutrients Recovery Efficiency (ANRE) of wheat crop.
The values of Apparent Nutrients Recovery Efficiency (ANRE) was calculated for wheat crop as presented in Table (5) and Fig. (3) . Values show that a significant increase exists in N,P and K (ANRE) due to the presence of biochar as a soil conditioner. Increasing biochar amendment gradually increases the (ANRE) especially in presence of the second rate of biochar (2 ton fed -1 ), then the opposite trend was obtained in presence of the third rate of biochar (4 ton fed -1 ) in both tested seasons. Moreover, increasing the rates of both nitrogen and phosphorus caused a positive increase in N, P and K (ANRE), especially in presence of the second rate of biochar. Finally, it could be concluded that the addition of biochar combined with compost and sulfur as a soil conditioner is more useful in improving the (ANRE) of N, P and K because of its effect in enhancing the nutrients availability, nutritional status and wheat crop in sandy soil. Similar results were obtained by Reddy (2014) who found that the addition of biochar combined with compost is more useful in improving the ANRE. Table ( 6 ) revealed that the crop yield components of wheat increased significantly by increasing the rate of biochar from ( 1 ton fed -1 ) up to (2 ton fed -1 ) then significantly decreased by increasing the rate of biochar (4 ton fed -1 ). The best suited biochar rate and materials for application be considered before crop yields decline or its soil properties diminished. Barrow (2012) and Gaskin et al. ( 2010 ) found a positive effect of biochar on plant growth and biomass yield only when biochar is applied along with supplement nutrient source. Moreover, Chan et al.(2007) attributed the low response to the high C/N ratio of the biochar used in this investigation, as its addition to soil did not provide sufficient additional N to plants and therefore did not result in yield increase even at rate of 2 ton fed -1 . Also, biochar application combined with N and P rates has a positive effect on plant growth and crop yields compared to control. In this respect, Barrow (2012) pointed out that applied biochar has a positive effect on growth and yield components. With respect to different application rates of N and P(100%), data indicate that yield components increased gradually by increasing the rate of N and P application in presence of biochar as compared to control ( without biochar), especially in presence of biochar (2 ton fed -1 ) along with the high rate of N and P. Biochar application give a favorable condition as it acts as a slow release fertilizer and / or as a catalyst which activate microbial growth. Moreover, biochar acts as a soil conditioner, improve soil physical properties and nutrient use efficiency, thereby increasing plant growth and yield.
The application of second rate of biochar (2 ton fed -1 ) in presence of high rate of N and P(100%).( N3 combined with P2) was significantly superior in increasing either straw or grains of wheat crop as compared to control. On the other hand, the most inferior treatments for both straw and grains were recorded for the control treatment (without biochar), similar results are being recorded for both tested seasons.
Finally, we can conclude that applying blended biochar with organic materials (compost) and sulfur to sandy soil is of beneficial impact by preventing the loss of nutrients, improves the soil chemical properties, hold nutrients against leaching, increases the availability of nutrient to plants, maintains the surface sorption and increases the wheat yield components. 
